Three polypeptides with mol. wt. IOO (Ploo), 8o (P8o) and 65 (P65) × lO 3 were found in calicivirus infected cells. Ploo and P8o were present in sub-molar amounts compared with P65 and no precursor product relationship between the three polypeptides could be demonstrated using pulse-chase experiments or selective inhibitors of protein synthesis and of proteases. In the presence of protease inhibitors a polypeptide with mol. wt. I2O × IO 3 (PI20) was demonstrated which appeared to be the precursor of PlOO. Possible mechanisms of translation in the caliciviruses are discussed.
INTRODUCTION
We have shown previously (Black & Brown, t975176 ) that infection of pig kidney ceils with the calicivirus, vesicular exanthema virus (VEV), induced the synthesis of only the capsid protein of the virus and no larger precursor polypeptides could be detected. This observation poses problems regarding an understanding of the replication of this virus. In this paper the mechanism of replication has been studied in more detail and the observations extended to a second calicivirus, feline calicivirus (FCV), to determine whether this is a general feature of this group of viruses.
METHODS
Viruses and cell cultures. VEV-serotype E was grown at 37 °C in monolayers of the pig kidney cell line IBRS-2 (de Castro, 1964) and FCV, strain KI, was grown at 37 °C in monolayers of feline embryo lung cells, each in the presence of Eagle's medium.
Labelling of virus inducedpolypeptides. Monolayers of IBRS-2 cells in 4 oz bottles were
infected with VEV at a multiplicity of approx. IOO for 30 min at 37 °C. The virus inoculum was removed, the cell sheets washed twice with phosphate-buffered saline and then incubated at 37 °C in Eagle's medium. The medium was replaced with methionine-free Eagle's medium 15 min before ~SS-methionine (sp. act. 46o Ci/mmol, Radiochemical Centre, Amersham) was added. The precise conditions of each experiment are described in the Results section and in the figure legends.
Attempts to demonstrate the presence of precursor polypeptides were made using the protease inhibitors zinc acetate (o'o5, o.I, o.2 mM), iodoacetamide (oq2, 0-25 raM) and Trasylol (Aprotinin, Bayer Ltd; IOOOO units/ml). Each was added separately Io rain before the addition of ssS-methionine.
Polyacrylamide gel electrophoresis. Total cell lysates were prepared and analysed as described previously (Black & Brown, 1975[76) . In some experiments total cell lysates were analysed using the discontinuous polyacrylamide system described by Laemmli (197o) . 
RESULTS

Polypeptides induced in calicivirus infected cells
Previous work (Black & Brown, I975/76) had shown the presence of only one virusspecific induced polypeptide in IBRS-z cells infected with VEV. This polypeptide, which co-electrophoresed on polyacrylamide gels with the single structural coat protein of the virus, was readily demonstrated by pulse labelling virus infected cells for 5 rain with 35S-methionine. However, under certain conditions (e.g. by using cell sheets which had been confluent for at least three days) two other virus-induced polypeptides with mol. wt. IO0 × IO 3 (PIo0) and 80 × Io ~ (P8o) were observed, although they were present only in small amounts (Fig. I ). These two polypeptides were regarded as being virus-specific because, as infection proceeded, their rate of synthesis increased relative to that of the other minor polypeptides detected.
Similar results were obtained with FCV. Replicate cultures of feline embryo lung cells infected with FCV were labelled for 5 min with 35S-methionine at 45, 60, 90, I2o, I8o, 2Io 
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Stability of the virus induced polypeptides
Feline embryo lung cells infected with FCV were labelled with zsS-methionine at I5o min p.i. Total cell lysates were prepared either immediately after a 5 min labelling period or following a subsequent 30 rain chase period in the presence of I mM-unlabelled methionine. It was found that all three induced polypeptides PIoo, P8o and P65 were stable and did not undergo any cleavages (Fig. 3 a, b) showing that neither PIoo nor PSo is the precursor of P65. and 240 rain post infection (p.i.) and total cell lysates analysed by polyacrylamide gel electrophoresis. Up to 12o min p.i. no detectable virus induced polypeptides were observed. At i2o rain p.i. it was possible to detect the synthesis of the structural coat protein P65 (Fig. 2b ) but synthesis of polypeptides PIoo and P8o could only be detected at I5o and 180 min p.i. (Fig. 2 C, d ). Late in infection (210 and 240 min p.i.) synthesis of PIoo and P8o could not be detected (Fig. 2e, f) . As with the VEV-induced polypeptides, P~oo and P8o were present in sub-molar amounts with respect to the induced structural coat protein. 
Use of hypertonie NaCI and pactamycin to determine the mode of translation
To determine whether PIoo, P8o and P65 were (possibly) synthesized sequentially or simultaneously (using a single putative messenger RNA) the initiation of protein synthesis was inhibited with hypertonic saline or pactamycin. Hypertonic concentrations of NaC1 inhibit the initiation of protein synthesis in HeLa cells while having little effect on elongation (Saborio, Pong & Koch, I974) . Removal of the excess NaC1 allows synchronous re-initiation of protein synthesis.
Feline embryo lung cells infected with FCV were brought to hypertonic conditions with I5o mM-excess NaC1 at I5o rain p.i. After I5 min the cells were either labelled for 5 min with ~SS-methionine or returned to isotonic conditions, zSS-methionine added and total cell lysates prepared after a 5 rain labelling period. It can be seen from a comparison of Fig. 3 (a) and 3 (d) that these hypertonic conditions brought about a complete inhibition of protein synthesis. Following the return to isotonic conditions the pattern of synthesis of the polypeptides was the same as that found in untreated infected ceils (Fig. 3 a and 3 c) . This result provides good evidence for the simultaneous synthesis of Ploo, P8o and P65.
If sequential synthesis did take place (from a putative single mRNA) the synthesis of the polypeptide which is coded for by the cistron nearest the 5' end of the mRNA should be preferentially inhibited by pactamycin, an irreversible inhibitor of the initiation of protein synthesis (Stewart-Blair, Yanowitz & Goldberg, I97I). Pactamycin (Io -7 M) was added with aSS-methionine to FCV-infected feline embryo lung cells at I5O min p.i. and total cell 
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lysates prepared after a 5 min labelling period. Pactamycin caused a reduction in the synthesis of all three virus induced polypeptides (Fig. 3 e) . Although the synthesis of P65 was possibly reduced more than that of either PIoo or PSo, the extent of the reduction was not sufficient to indicate that the synthesis of P65 occurred (on a putative single mRNA) prior to that of PIoo and P8o (cf. 
Precursor-product relationship
Iodoacetamide has been shown to inhibit the secondary cleavages of poliovirus and footand-mouth disease virus induced polypeptides (Korant, 1973; Sangar et al. I977) . In the presence of iodoacetamide (o-I2 and o'25 mM) the synthesis of a new induced polypeptide PI2o was observed in FCV infected cells (Fig. 4c, d ). The appearance of PI2o was accompanied by the inhibition of the synthesis of PIoo (Fig. 4b, c) suggesting that PI2o was a precursor of PIoo. No effect on either PSo or P65 was observed. Similar results were obtained with Trasylol (Ioooo units/ml), a general protease inhibitor (unpublished observations).
Zinc acetate has been shown to inhibit the cleavage of polypeptides induced in cells infected with rhinovirus, conjunctivitis virus and foot-and-mouth disease virus (Butterworth & Korant, I974; Esposito & Obijeski, 1976; Sangar et al. I977) . Zinc acetate was added t o ' V E V infected IBRS-z cells at I~O rain p.i., ~sS-methionine added after Io rain and totalcell lysates prepared after a 5 rain labelling period. Increasing concentrations of zinc acetate (o'o5 to o.2 raM) caused synthesis of the three virus polypeptides (Ploo, P8o and P65) to decrease. However, the relative amounts of these polypeptides were similar to those found in untreated infected cells (Fig. 5) . Thus neither Ploo nor P8o can be a precursor of P65. DISCUSSION Our previous results (Black & Brown, I975/76) indicated that during the replication of caliciviruses the only virus-specified polypeptide synthesized was the structural coat protein (P65) and that synthesis of this protein did not involve any precursor-cleavage system. In the present work we have demonstrated the synthesis of two additional virus-specified polypeptides, PIOO and P8o, in cells infected with either VEV or FCV (Fig. I and z) . Both P m o and P8o are synthesized in sub-molar amounts compared with the coat protein P65. Pulse-chase experiments failed to demonstrate any precursor-product relationship between the three virus induced polypeptides.
Proteins induced by calicivirus infection 8I
The use of protease inhibitors (zinc acetate, iodoacetamide and Trasylol) also showed that the syntheses of Ploo, P8o and P65 were independent of each other. However, the experiments with iodoacetamide and Trasylol showed that a precursor polypeptide P12o exists for Ploo. The inhibition of initiation of protein synthesis in calicivirus infected cells and the subsequent reversal of the inhibition (allowing a synchronous re-initiation of protein synthesis) demonstrated that all three polypepfides PlOO, P8o and P65 were synthesized simultaneously.
The unresolved question is whether the three virus-induced polypeptides are synthesized from a single mRNA (i.e. the 37S virus RNA) or from individual subgenomic mRNA molecules induced by infection. Since internal initiation of protein synthesis has not been demonstrated in eukaryotic cells it seems likely that individual mRNAs are involved in the replication of caliciviruses.
Subgenomic mRNAs have been demonstrated in cells infected with tobacco mosaic virus (TMV) and Semliki Forest virus (SFV; Babos, I97I; Levin & Friedman, I971; Jackson et al. I972; Siegel, Zaitlin & Duda, 1973) . The subgenomic mRNAs of both these viruses have been shown to be involved in the synthesis of virus-induced polypeptides. (Clegg & Kennedy, 1974 , 1975 Wengler, Beato & Hackemack, I974; Hunter et al. I976) . However, the SFV system is complicated by the presence of a relatively complex cleavage system (Morser, Kennedy & Burke, 1973; Simons, Ker~inen & K~i~ri~iinen, 1973; Clegg, 1975; Clegg & Kennedy, I975b) .
The replication of the caliciviruses appears to be very similar to that of TMV. In TMVinfected cells the major virus-specified polypeptide synthesized is the coat polypeptide (Jockusch, I968; Gianinazzi, Vallee & Martin, I969; Van Loon & Van Kammen, I97o; Doke, I972). However, small quantities of two polypeptides with larger mol. wt. are also synthesized (Paterson & Knight, 1975; Scalla, Boudon & Rigaud, I976) . It has been shown that the two larger polypeptides are translated in vitro from the virus RNA whereas the coat protein is translated from a separate subgenomic mRNA. (Bruening et al. I976; Higgins, Goodwin & Whitefield, I976; Hunter et al. I976; Siegel et al. 1976) . The presence in VEV infected cells of two virus-specific polyadenylated ssRNAs with mol. wt. considerably smaller (228" I'I × lO 6 and I8S: 0"7 x Io 6) than that of virion RNA (D. N. Black, T. J. R. Harris, J. N. Burroughs & F. Brown, in preparation) strongly supports the idea that calicivirus replication is similar to that of TMV. Preliminary experiments have also shown that in reticulocyte lysates only the 228 subgenomic mRNA was translated into polypeptides, the major product being a polypeptide very similar to the coat protein (D. B. Black, unpublished observations). Thus it appears that calicivirus replication involves the synthesis of subgenomic mRNAs which are then translated to provide the coat protein and possibly the other virus induced polypeptides found in infected cells.
Note. While this manuscript was being prepared Ehresmann & Schaffer (1977) showed the presence of subgenomic RNA species in calicivirus infected cells.
